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© Organic emission scrubbing abatement for propylene carbonate. 

® K D ! s ?!? sed ls * method <* removing propylene carbonate developer or stripper fumes arising from the 
photolithographic circulation of electronic circuit packages. In the fabrication of electronic circuit 
packages photoresist is deposited on the circuit package substrate. The photoresist is imaged and 
developed, the package substrate circuited, and the remaining photoresist is stripped. Propylenecarbo- 
2o!f *h"? Jtl eith ^ °J of *™ de veloper or the stripper. Even though it has a low vapor pressure 
and a high boiling i point, the nature of the photolithographic process is such that gaseous propylenecar- 
bonate is evolved during fabrication of the electronic circuit package. The process includes the 
subsequent step of removing the propylene carbonate bearing gas, as air, from the process, and passing 
the propylene carbonate bearing gas (12) through an aqueous alkaline liquid (13) in a scrubber (21) to 
scrub the propyiene carbonate from the gas. The scrubbed air (15). substantially free of carbonate, is 
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1- EP-A (US patent appli- 
cation N° 07/924.740) filed August 4, 1992, inven- 
tors: Kevin P. Unger and James A. Shurtleff) en- 
titled: "Chemical Pre-Treatment and Biological 
Destruction of Propylene Carbonate Effluent 
Streams, (our reference EN 9 92 098), and which 
is incorporated herein by reference (Ref. 1). 

2- ED-A (US patent appli- 
cation N° 07/925.349 filed August 4, 1992, inven- 
tor: J.J. Wagner, A.C. Bhatt, R.N. Bantu, R.W. 
Keesler, T.D. Sinclair, and K.I. Papathomas for 
"Propylene Carbonate Recovery Process", which 
is filed same day (our reference EN 9 91 099), 
and which Is incorporated herein by reference 
(Ref. 2). 

The invention described herein relates to environ- 
mentally compatible developers and stripping sol- 
vents for photoresist materials. Specifically, the in- 
vention relates to cyclic alkylene carbonates, as pro- 
pylene carbonate, as substitutes for such chlorinated 
solvents as Methyl Chloroform (MCF; 1,1,1-Trichloro- 
ethane) and Methylene Chloride (MC; Dichlorome- 
thane). Even though propylene carbonate has a very 
low vapor pressure anal a very high boiling tempera- 
ture, parts per million levels of propylene carbonate 
can be present in the air surrounding stripping and 
developing processes utilizing propylene carbonate. 
According to the invention, the air surrounding propy- 
lene carbonate operations is scrubbed with a dilute, 
aqueous, alkaline solution. According to a further ex- 
emplification of the invention the scrubber liquor is 
monitored and its properties controlled. According to 
a still further embodiment of the invention the scrub- 
ber liquor overflow is mixed with the photolithograph- 
ic effluents of cyclic alkylene carbonate solvents, 
e g-, propylene carbonate solvent, and sclids, e.g., 
photoresist and/or solder mask material, that are re- 
covered from circuit panel manufacturing processes, 
and this combined liquid is treated to recover cyclic al- 
kylene carbonate solvent 

Photolithographic processes in packaging are 
described in Microelectronics Packaging Handbook , 
Pub. Van Nostrand Reinhold, New York, 1989, Tum- 
mala et al. eds. on pages 898-903. in Principles of 
Electronic Packaging , McGraw-Hill Book Company. 
New York, 1989. Seraphim et al, eds. in Chapter 12, 
pages 372-393 and in Scientific Encyclopedia, 6th 
Ed., Vol. II, Pub. Van Nostrand Reinhold Company, 
New York, 1983, Considine et al, eds., pages 1877- 
1881, aO of which are incorporated herein by refer- 
ence for use as background. 

Photolithography plays a critical role in the art of 
printed circuit packaging. Photolithography is used to 
define in a thin f Bm of photoresist those regions either 
from which copper is to be selectively etched to sub- 
tractrvely form circuitization, or selectively plated to 
additivery form circuitization. 
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There are two types of photoresist negative and 
positive. A negative photoresist is polymerized by ex- 
posure, e.g., selective exposure to the particular ac- 
tinic radiation radiation to which it is sensitive for an 
5 adequate period of time. It is than subjected to its de- 
veloper. The developer solubilizes the areas of the re- 
sist which have not been exposed to actinic radiation. 
The areas of negative photoresist which have been 
exposed to actinic radiation are hardened by cross- 
10 linking and made more resistant to developer, relative 
to the unexposed regions. 

Positive acting resists behave oppositely. Actinic 
radiation renders the positive acting photoresist more 
soluble in the developer, and the exposed regions are 
15 removed preferentially by a dilute alkaline developer. 

Positive acting photoresists are used extensively 
to fabricate silicon devices, and for subtractive circui- 
tization of printed circuit boards. However, positive 
photoresists, which are readily developed by dilute 
20 aqueous alkaline solutions and stripped by more con- 
centrated aqueous alkaline solutions, perform poorly 
in high caustic environments and high temperatures. 

The negative resists, on the other hand, are used 
when the circuit lines are provided by additive plating 
25 of copper, in areas where copper is desired, i.e., elec- 
troless or electroless plus electroplating, rather than 
by etching of copper away from where it is not desired. 

Negative acting photoresists are cross-linked by 
the action of actinic energy on photoactive agents 
30 that form the free radicals or ionic groups necessary 
to initiate and/or support polymerization. Depending 
on their composition, commercially available photore- 
sists are sensitive to UV radiation, X-rays, E-beams 
and so forth. The radiation may be furnished to the re- 
35 sist through a pattern in a mask, such as an emulsion 
mask or chrome mask, by contact or projection, or a 
beam of radiation may be rastered. 

Negative acting- photoresists include an organic 
resin binder, a photo in itiator/photosensitizer and a re- 
40 active monomer. Optionally, negative acting photo-re- 
sists also include fillers, for example, organic or inor- 
ganic fillers, fire retardants, plasticizers, dyes, flexi- 
bilizers, thermal stabilizers and other additives to im- 
prove the processing characteristics of the package. 
45 Typical negative photoresist compositions in- 

clude from 40 to 70% by weight of binder, 10 to 40% 
by weight of monomer, and 0.5 to 15% by weight of 
photoinitiator, to total 100% based on the weight of all 
these components. 
so An example of such compositions is described in 

US-A-4326010 (example 1). 

In general negative-working resists are photopo- 
lymerizable materials of the type described in US-A- 
3469982, US-A-4273857 and US-A-4293635 and the 
55 photocrosslinkable species of the type disclosed in 
US-A-3526504. 

Monomers which can be used either alone or in 
combination with others to form negative acting pho- 
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toresists include: t-butyl acrylate, 1 ,5 pentanediol dia- 
cryiate, N,N-diethylaminoethyl acrylate, ethylene 
glycol diacrytate, 1,4-butanediol diacryiate, diethy- 
lene glycol diacryiate, h exam ethylene glycol diacry- 
iate, 1 ,3-propanediol diacryiate, decamethylene gly- s 
col diacryiate, decamethylene glycol dimethacrylate, 
1,4-cyclohexanediol diacryiate, 2, 2-dimethyiol pro- 
pane diacryiate, glycerol diacryiate, tripropylene gly- 
col diacryiate, glycerol triacrylate, trimethylo! propane 
triacrylate, pentaerythritol triacrylate, polyoxyethylat- 10 
ed trimethylolpropane triacrylate and trimeth acrylate 
and similar compounds as disclosed in U.S. Pat. 
3,380,831, 2,2-di-(p-hydroxyphenyl)-propane diacry- 
iate, pentaerythritol tetraacrylate, 2,2-di(p- hydro hy- 
phenyl)-propane dimethacrylate, triethylene glycol is 
diacryiate, polyoxyethyl-2,2-di-(phhydroxyphenyl)- 
propane dimethacrylate, di-(3-rnethacry1oxy-2-hy- 
droxypropyl) ether of bisphenol-A, di-(2-methacry- 
loxyethyl) ether of bisphenol-A, di-(3-acryloxy-2-hy- 
droxypropyl) ether of bisphenoi-A, di-(2-acry»oxye- 20 
thyl) ether of bisphenol-A, di-(3-methacryloxy-2-hy- 
droxypropyl) ether of tetrachloro-bisphenol-A, di-(2- 
methacryloxyethyl) ether of tetrachloro-bisphenol-A, 
di-(3-methacryloxy-2-hydroxypropyl) ether of tetra- 
bromo-bisphenol-A, dK(2-methacryloxyethyl) ether 25 
of tetrabromo-bisphenol-A, di-(3-methacryloxy-2-hy- 
droxypropyl) ether of 1,4- butanediol, di-(3-methacry- 
loxy-2-hydroxypropyl) ether of diphenolic acid, tri- 
ethylene glycol dimethacrylate, polyoxypropyltrime- 
thylol propane triacrylate, ethylene glycol dimetha- 30 
crylate, butyl ene glycol dimethacrylate, 1,3-propane- 
diol dimethacrylate, 1,2,4-butanetriol trimethacry- 
late, 2,2,4-trimethyl-1,3-pentanediol dimethacrylate, 
pentaerythritol trimeth acrylate, 1 -phenyl ethylene- 
1,2-dimethacrylate, pentaerythritol tetramethacry- 35 
late, trimethylol propane trimethacrylate, 1,5-penta- 
nediol dimethacrylate, diallyf fumarate, styrene.1,4- 
benzenediol dimethacrylate, 1 ,4-diisopropenyl ben- 
zene, and 1 ,3,5-triisopropenyl benzene. 

In addition to the monomers mentioned above, 40 
the photoresist material can also contain one or more 
free radical-initiated and polymerizable species with 
molecular weight of at least about 300. Monomers of 
this type are an alkylene or a polyalkyiene glycol dia- 
cryiate and those described in US-A-2927022. 45 

Free radical initiators which can be activated by 
actinic radiation which are thermally inactive at and 
below 185 degrees Centigrade include the substitut- 
ed or unsubstituted polynuclear quinones listed in the 
following: 9,10-anthraquinone, 1-chIoroanthraqui- 50 
none, 2-chloroanthraquinone, 2-methylanthraqui- 
none, 2-tert-butylanthraquinone, octamethytanthra- 
quinone, 1.4-naphthoquinone, 9,10-phenanthrequi- 
none, 1,2-benzanthraquinone, 2,3-benzanthraqui- 
none, 2-methyl-1,4-naphthone, 2,3-dichloronaph- 55 
thoquinone, 1,4-dimethyianthraquinone, 2,3-dime- 
thylanthraquinone, 2-pheny«anthraquinone, 2,3-di- 
phenylanthraquinone, 2,3-diphenyfanthraquinone, 



sodium salt of anthraquinone alpha-sulfonic acid, 3- 
chloro-2-methyianthraquinone, retenequinone, 7,8, 
9,1 0-tetrahydronaphthacenequinone, and 1 ,2,3,4- 
tetrahydrobenz(a)anthracene-7,12-dione. 

Other useful photo initiators, of which some may 
be thermally active at temperatures lower than 85 de- 
grees C, are described in US-A-2760863. 

Dyes of a photoreducible nature and other reduc- 
ing agents are described in US-A-2850445; 2875047; 
3097096; 3074974; 3097097; and 3145104 as well as 
dyes of the phenazine, oxazine and quinone classes; 
Michler's ketone, benzophenone, 2,4,5-triphenylimi- 
dazolyl dinners with hydrogen donors, and mixtures 
thereof as described in US-A-3427161; 3479185 and 
3549367 can be used as initiators. The cydohexadie- 
none compounds of US-A-4341 860 are also useful as 
initiators. In addition sensitizers described in US-A- 
4162162 in combination with photoinitiators and pho- 
toinhibitors are useful. 

Polymeric binders which can be used alone, or in 
combination with polymerizable monomers include 
the following: polyacryiate and alpha-alkyl polyacry- 
late esters, i.e. polymethyl methacrylate and polye- 
thyl methacrylate; polyvinyl esters: i.e. polyvinyl acet- 
ate, polyvinyl acetate/acrylate, polyvinyl acetate/me- 
thacrylate and hydrolyzed polyvinyl acetate; ethy- 
lene/vinyl acetate copolymers; polystyrene polymers 
and copolymers, Le. with maleic anhydride and es- 
ters; vinylidene chloride copolymers, i.e. vinytidene 
chloride/acrylonitrile; vinylidene chloride/met hacry- 
late and vinylidene chloride/vinyl acetate copolymers; 
polyvinyl chloride and copolymers, i.e. polyvinyl chlor- 
ide/acetate; saturated and unsaturated polyur- 
ethanes; synthetic rubbers, i.e. butadiene/acryloni- 
trile, acrylonitrile/butadiene/styrene, methacry- 
late/acrylonitrile/butadiene/styrene copolymers, 2- 
chlorobutadiene-1,3 polymers, chlorinated rubber, 
and styrene/butadiene/styrene, styrene/iso- 
prene/styrene block copolymers; high molecular 
weight polyethylene oxides of polyglycols having 
average molecular weight from about 4,000 to 
1 ,000,000; epoxides, i.e. containing acrylate or me- 
thacrylate groups; co polyesters; nylons or polya- 
mides, i.e. N-methoxymethyt, polyhexamethylene 
adipamide; cellulose esters, i.e. cellulose acetate 
succinate and cellulose acetate butyrate; cellulose 
ethers, i.e. methyl cellulose, ethyl cellulose and ben- 
zyl cellulose; polycarbonates; polyvinyl acetal. i.e. 
polyvinyl butyral, polyvinyl formal; polyformalde- 
hydes. 

In addition to the polymeric binders listed above 
particulate thickeners such as described in US-A- 
3754920 i.e. silicas, clays, alumina, bentonites, 
kaolnites, and the like can be used. 

Where aqueous developing of the photoresist is 
desirable the binder should contain sufficient acidic 
or other functionalities to render the composition 
processabie in the aqueous developer. Suitable aqu- 
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eous-processable binders include those described in 
US-A-3458311 and in US-A-4273856. Polymers de- 
rived from an arninoalkyl acrylate or methacrylate, 
acidic film-forming cornonomer and an alkyl or hy- 
droxyalkyl acrylate such as those described in US-A- 
4293635 can be included. 

Normally a thermal polymerization inhibitor will 
be present to increase the stability during storage of 
the photosensitive compositions. Such inhibitors are; 
p-methoxy-phenol, hydroquinone, alkyl and aryl- 
substituted hydroqinones and quinones, tert-butyl 
catechol, pyrogallol, copper resinate, naphthyla- 
mines, beta-napthol, cuprous chloride, 2,6-di-tert-bu- 
tyl-p-cresol, phenothiazine, pyridine, nitrobenzene 
and dinitrobenzene, p-toluequinone and chloranil. 
Also useful for thermal polymerization inhibitors are 
the nitroso compositions described in US-A- 
4168982. 

Dyes and pigments may also be added to in- 
crease the visibility of the resist image. Any colorant 
used however, should be transparent to the actinic ra- 
diation used. 

An example of such photosensitive compositions 
is described in Table I of US-A-4693959. 

In the preparation of these formulations generally 
inert solvents are employed which are volatile at or- 
dinary pressures. Examples include alcohols and 
ether alcohols, esters, aromatics, ketones, chlorinat- 
ed hydrocarbons, aliphatic hydrocarbons, miscellane- 
ous solvents such as dimethylsulfoxide, pyridine, tet- 
rahydrofuran, dioxane, dicyanocyclobutane and 1- 
methyl-2-oxo-hexamethyfeneimine, and mixtures of 
these solvents in various proportions as may be re- 
quired to attain solutions. Antiblocking agents to pre- 
vent the coatings from adhering to the supporting 
files can also be included. 

With some polymers, it is desirable to add a plas- 
ticizer, either solid or liquid, to give flexibility to the 
film or coating. Suitable plasticizers are described in 
US-A-3658543. A preferred liquid plasticizer is nolyl- 
phenoxypoly(ethyleneoxy)-ethanoJ. A preferred solid 
plasticizer is N-ethyt-p-toluenesulfonamide. 

Photoimagable compositions are also utilized as 
solder masks. In such application a photoimagable 
composition is used by applying the composition to 
printed circuit board and followed by photolithograph- 
ic techniques to expose various underlying features 
on the board while masking others. During the solder- 
ing process the solder will deposit onto the exposed 
underlying components. It is necessary that the sold- 
er mask material be formulated such that it can be ap- 
plied by the appropriate methods, for example curtain 
coating. Suitable photoimageable compositions in- 
cluding many that use epoxies are described in the 
following US-A-4279985; 4458890; 4351708; 
4138255; 4069055; 4250053; 4058401; 4659649; 
4544623; 4684671; 4624912; 4175963; 4081276,' 
4693951; and 4442197. 
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More recently an improved cationically photoim- 
ageable solder mask is described in US-A-5026624 
assigned to the assignee of the present application, 
disclosure of which is incorporated herein by refer- 
5 ence. In fact US-A-5026624 teaches an improved 
photoimageable cationically pofymerizable epoxy 
based coating material. 

In processing negative working resists, unex- 
posed areas of the imaged film are typically removed 
10 from the surface of a printed circuit board or substrate 
by action of a liquid developer in a spray form for a 
duration of several minutes or less. Depending on the 
particular type of photoresist composition the liquid 
developer may be a simple organic solvent, an aqu- 
15 eous solution of an inorganic base, or as described in 
US-A-34751 71, a combination of organic solvent and 
aqueous base to form a semi-aqueous developer. 

Methyl chloroform (MCF, 1,1,1-trichloroethane), 
and methylene chloride (MC, dichloromethane) are 
20 solvents which are widely used in the electronic pack- 
aging art and in other arts for developing and remov- 
ing a number of photoresists which are otherwise re- 
sistant to chemical attack. 

The highly alkaline electroless copper plating 
25 baths used in additive processes provide a harsh en- 
vironment for photoresist In general, the more chem- 
ically impervious resists are removable in an organic 
solvent such as methylene chloride. For less de- 
manding chemical environments, aqueous develop- 
30 able photoresists may be adequate. The organically 
developable resists, however, continue to be used in 
an electroless copper environment and in the print 
band and thin film technologies in conjunction with 
acrylate- based resist such as DuPonfs Riston T-168 
35 and solvent processed solder masks such as the Du- 
Pont Vacrel 700 and 900 series, environments in 
which the aqueous resists are vulnerable. 

The use of 1,1,1-trichloroethane and methylene 
chloride is disfavored because of growing environ- 
40 mental concerns over the effect of gaseous halogen- 
ated hydrocarbons on the depletion of earth's ozone 
layer and concerns over introducing suspected carci- 
nogens to the atmosphere. Several countries have 
set goals for their total elimination. However, there 
45 continue to be many manufacturing processes in 
which use of resists which are aqueously developable 
simply is not feasible. 

The industry therefore continues the search for 
organic solvents as alternates to 1,1,1-trichloro- 
50 ethane and methylene chloride. The new solvents 
must meet specific manufacturing and environmental 
requirements with respect to flammability, toxicity, 
ability to effect dissolution, shelf-life, waste disposal, 
abaity to recycle, simplicity of composition, and com- 
55 patibDity with a spectrum of resists. 

Alternative solvents for stripping solvent based 
Riston photoresists are also described in Research 
Disclosures, June 1989 p.302, published anony- 
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mously. 

There have been previous attempts reported in 
the art to provide environmentally friendly alterna- 
tives to 1,1,1-frichloroethane and methylene chloride. 
However, none of the references describe the simple, 5 
environmentally acceptable, room temperature devel- 
oper and stripper of the present invention. 

In unpublished internal works conducted by N.R. 
Bantu et al, it has been demonstrated that the use of 
4-methyi -1 ,2-dioxolan -2-one (propylene carbonate, 10 
methyl ethylene carbonate, 1 ,2-propyiene carbonate) 
as a developer and as a stripping agent This material 
has the structure: 



CH 2 -CH-CH 3 
I I 

O O 
\ / 

C 20 

I 



In addition, the use of this material as an alterna- 25 
tive to halogenated hydrocarbon developers and 
strippers for use in developing and stripping acrytate 
based photoresist such as R is ton T-168 and polyme- 
thyl methacrylate, and solvent processed solder 
masks such as the Vacrel 700 and 900 series. More- 30 
over, developing the exposed resist in a high boiling 
solvent selected from the group consisting of propy- 
lene carbonate (PC), gamma butyrolactone (BLO) 
and benzyl alcohol (BA). The process occurs at about 
24 to 45 degrees Centigrade for about 0.5-12 minutes 35 
and is normally followed by a warm water rinse or an 
alternate low boiling solvents rinse to remove excess 
developer. 

While the common developers of the prior art for 
developing Riston type photoresists are low boQing 40 
point high vapor pressure solvents, these solvents 
are high boiling solvents. The use of low boiling sol- 
vents such as methyl chloroform (MCF), methyl ethyl 
ketone (MEK), xylenes or mixtures thereof are similar 
to the methylene chloride stripping process. 45 

By way of contrast high boiling solvents, i.e. n- 
methyl pyrolidone (NMP), gamma-butyrolactone 
(BLO), dimethyl sulfoxide (DMSO) and propylene car- 
bonate (PC) must be followed by a rinsing step with 
compatible solvent or water. Furthermore, in order to 50 
obtain dissolution times comparable to those of MC, 
it is necessary that the temperature during stripping 
be maintained at above about 50 degrees Centigrade, 
and preferably between 50 degrees Centigrade and 
100 degrees Centigrade. However, these thermal re- 55 
quirements result in the production of propylene car- 
bonate laden fumes, with a propylene carbonate con- 
tent in excess of 100 parts per million, and even as 



high as 2000 parts per million of propylene carbonate. 
The propylene carbonate must be removed from the 
air. 

Thus, there is a clear need for a low cost process 
for the abatement of propylene carbonate fumes and 
the removal of propylene carbonate from the air. 

It is a primary object of the invention to provide a 
simple, low cost process to remove propylene carbon- 
ate vapors from process gas streams and air in an 
emission abatement process. 

It is a further object of the invention to control the 
parameters of the emission abatement process to 
keep the liquid streams strong enough to effectively 
scrub the propylene carbonate and permit econom- 
ical equipment sizes, but dilute enough to allow for 
economical disposal or treatment 

The present invention removes the non-toxic sol- 
vents of the type described by Bantu et al from the air 
and process gas streams. 

In order to obtain polymer dissolution times com- 
parable to those of halogenated solvents with cyclic 
alkylene carbonates, as propylene carbonate, it is 
necessary that the temperature during developing be 
maintained as high as about 45 degrees Centigrade, 
and that the temperature during stripping be main- 
tained above about 50 degrees Centigrade. More- 
over, in order to get effective developing and strip- 
ping, it is necessary to use hot water to remove the 
cyclic alkylene solvent, such as propylene carbonate. 
Even though propylene carbonate is a low vapor pres- 
sure, high boiling temperature material, the use of 
temperatures above about 50 degrees Centigrade in- 
troduces the necessity of dealing with gaseous cyclic 
alkylene carbonates, for example, gaseous propylene 
carbonate, at least at the hundreds to thousands of 
parts per million level. 

The gaseous cyclic alkylene carbonate, such as 
propylene carbonate, is scrubbed by removing the 
cyclic alkylene carbonate bearing air, as propylene 
carbonate bearing air, from the process, and passing 
the propylene carbonate bearing air through an aqu- 
eous alkaline liquid to scrub the cyclic alkylene car- 
bonate, e.g., propylene carbonate, from the air. The 
scrubbed air, substantially free of cyclic alkylene car- 
bonate, e.g., propylene carbonate, is recovered from 
the process. In a first embodiment of the invention the 
scrubbing liquor is biologically treated to destroy the 
residue. 

In a further embodiment of the invention, both (i) 
scrubbed air substantially free of cyclic alkylene car- 
bonates, e.g., propylene carbonate, and (ii) an alka- 
line liquor containing the residue of the scrubbed gas- 
eous alkylene carbonate, e.g., propylene carbonate, 
are processed together to recover propylene carbon- 
ate for recycle. 

This further embodiment includes feeding the 
propylene carbonate effluent and the alkaline liquor 
to a separator means, for example.an evaporator, and 
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separating the water and volatfles from the propylene 
carbonate. 

The dewatered propylene carbonate is evaporat- 
ed to separate the propylene carbonate from high 
boiling materials and photoresist materials. This al- 
lows recovery of further purified propylene carbon- 
ate. 

The further purified, that is, dewatered and 
evaporated propylene carbonate is separated into a 
high vapor pressure propylene glycol fraction and a 
low vapor pressure propylene carbonate fraction, for 
example, by fractional distillation. 

The invention may be understood by reference to 
the FIGURES appended hereto. 

FIGURE 1 is a flow chart of the cyclic alkylene 
carbonate air pollution abatement process of the in- 
vention. 

FIGURE 2is a plan view of a scrubber used in the 
method of the invention. 

FIGURE 3 is a schematic view of a scrubber used 
in the method of the invention, further showing the 
process flows, and the control flows. 

FIGURE 4 is a flow chart of an integrated process 
in which the emission abatement process is integrat- 
ed into a cyclic alkylene carbonate solvent carbonate 
recovery process. 

Cyclic alkylene carbonate laden air, such as pro- 
pylene carbonate laden air, and impure liquid cyclic al- 
kylene carbonate, as propylene carbonate, are efflu- 
ents from an upstream industrial process in which rel- 
atively pure cyclic alkylene carbonate is used as eith- 
er a developing agent or a stripping agent, or as both, 
in the removal of a thin film, layer, or coating of a poly- 
meric material. 

While the invention is described and illustrated 
with respect to propylene carbonate, 



CH 3 -CH-CH 2 
I I 
O O 

\ / 

c 

I , 

it is, of course, to be understood, that higher homo- 
logs of propylene carbonate, such as 



Ra-CH — CH-R B 
I t 
O O 

\ / 

c 

I 

o , 
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where one of R A and R B may be -H, and either one or 
both of R A and Ra are short chain alkyl groups, may 
also be utilized in the practice of the invention. Exem- 
plary short chain alkyl groups are ChVfCH^-, where 
5 n in R A and Re are independent integers from O to 3. 
It is, of course, further to be understood, that the va- 
por pressure of the cyclic alkylene carbonate must be 
high enough to allow fractionation or separation. 
The impure propylene carbonate liquid contains 
10 photoresist products, including both dissolved poly- 
mer and dispersed solid polymer, as well as mono- 
mers, solvents, surfactants, fillers, initiators, dyes, 
and the like. This is referred to herein a "photoresist 
materials" and as "solids." The gas contains propy- 
ls lene carbonate at the parts per million level, for exam- 
ple from about one hundred or more parts per million 
to two thousand or more parts per million. 

In one embodiment of the invention the polymer 
is a photoresist, for example, a negative photoresist 
20 formed of acrylic acid and acrylate ester moieties, 
such as Dupont Riston, and the liquid and gas efflu- 
ents are the effluents of either both of the developing 
and stripping steps. The polymer in the effluent liquid 
stream, whether in solution or dispersed, is included 
25 in the "photoresist materials" and referred to herein 
as "solids." 

Propylene carbonate is evolved during fabrica- 
tion of the electronic circuit package. Propylene car- 
bonate gas evolution, notwithstanding the low vapor 
30 pressure and high boiling point of the propylene car- 
bonate, is the result of washing the developed photo- 
resist and the stripped electronic package with hot 
water. The propylene carbonate laden air is removed 
from the process, for example by fans, eductors, 
35 hoods, and the like. 

For this reason, one effluent of the photolitho- 
graphic process is a gaseous cyclic alkylene carbon- 
ate, such as propylene carbonate. While propylene 
carbonate is a low vapor pressure, high boiling tenv 
40 perature material (vapor pressure equals 0.08 torr at 
80 degrees C, and 4.5 torr at 92 degrees C), the con- 
centration of gaseous propylene carbonate in process 
gas streams and in air above the developing and strip- 
ping solutions can be from about 100 to about 500 
45 parts per million above the developing solution, and 
from about 400 to about 1500 parts per million above 
the stripping solution. The propylene carbonate laden 
air is scrubbed by the action of an aqueous alkaline 
solution to yield air containing less than 100 parts per 
so million of propylene carbonate. 

As shown in the flow chart in FIGURE 1 and in 
the schematic views of the process in FIGURES 2 
and 3, the propylene carbonate laden air is passed 
through an aqueous alkaline liquid. The serves to 
55 scrub the propylene carbonate from the air. Scrub- 
bed air is recovered from the scrubber. The scrubbed 
air is substantially free of propylene carbonate, con- 
taining less than 100 parts per million thereof. 

6 
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FIGURE 1 is a flow chart of the front end of the 
process, i.e., the scrubber 21. FIGURES 2 and 3 
show details of the scrubber. The scrubber 21 re- 
ceives propylene carbonate laden air 12 from the 
manufacturing process 11. This gas feed goes into 
the scrubber 21, where it is contacted with a scrub- 
bing solution 1 3, giving off dean air 1 5, and propylene 
carbonate containing solution 17, which may be recy- 
cled 18, or passed to a subsequent process 19. 

Specifically, the input 12 to the scrubber 21 is 
propylene carbonate laden ahr containing more than 
100 parts per million of propylene carbonate. The 
scrubbed gas product 15 from the scrubber 21 con- 
tains less than 100 parts per million of propylene car- 
bonate. 

The aqueous alkaline scrubbing agent is an aqu- 
eous solution of an alkali metal hydroxide or a salt of 
an alkali metal and a weak acid. For reasons of cost 
and availability, the alkali metal is either sodium or 
potassium, with sodium preferred. The anion is either 
hydroxide, or a weak acid, as carbonate, bicarbonate, 
or the like. 

Preferably the alkali metal hydroxide is sodium 
hydroxide, the anion is hydroxide, and the aqueous 
sodium hydroxide solution contains less than 10 
weight percent sodium hydroxide. This corresponds 
to a specific conductance of about 1-10 (ohm-cm)- 1 , 
and a pH = 14. 

The scrubbing solution is passed over or t h rough 
a screen or packing 23. The screen or packing 23 pro- 
vides turbulence, and increases the mass transfer 
coefficient The aqueous, alkaline scrubbing solution 
may pass through the scrubber 23 once, or the 
scrubbing solution may be a circulating aqueous alka- 
line liquid with recycle and return 18, optionally with 
a bleed stream 19. 

When the scrubbing solution is a circulating sol- 
ution, it is necessary to monitor a property of the cir- 
culating solution, e.g., an electrolyte property of the 
circulating aqueous alkaline solution, in order to main- 
tain a high mass transfer coefficient and driving force 
between the air and the solution. This is done by ad- 
justing the concentrations of the electrolytes and wa- 
ter in the circulating aqueous alkaline solution, for ex- 
ample, by adding alkaline electrolyte or water respon- 
sive to the measured state of the solution. By the 
measured state of the solution is meant the pH or con- 
ductivity of the solution. 

One way of controlling the chemistry of the solu- 
tion is by measuring the pH of the solution and adjust- 
ing the concentration of the circulating aqueous alka- 
line solution responsive to the pH. For example, if the 
pH falls toward neutral, concentrated alkali metal ion 
make up solution can be added to the circulating sol- 
ution. Alternatively, if the pH becomes too alkaline, 
water can be added to the circulating solution. Alter- 
natively, the electrical conductivity of the circulating 
solution can be measured, adjusting the concentra- 
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tion of the circulating aqueous alkaline solution in re- 
sponse to its conductivity. Thus, when the conductiv- 
ity gets too high make-up water can be added, and 
when the conductivity falls too low concentrated 
5 make-up alkali can be added. 

In a preferred embodiment of the invention the 
bleed stream 1 9 is chemically treated in a water treat- 
ment plant and thereafter biologically destroyed, as 
described, for example, in commonly assigned, 
10 copending EP Application of Ref. 1, the disclosure of 
which is hereby incorporated by reference. However, 
in an alternative embodiment of the invention the 
bleed stream 19 can be processed with the liquid ef- 
fluent of the photolithographic process for recovery of 
15 the propylene carbonate, as described, for example, 
in commonly assigned, copending E.P. Application of 
Ref. 2, the disclosure of which is hereby incorporated 
by reference. 

In the embodiment of the invention where the 
20 polymer is an acrylic-acrylate type photoresist and 
the solvent is propylene carbonate, the effluent of the 
photolithographic process contains (i) above abount 
50 weight percent propylene carbonate, and general- 
ly from about 96 weight percent to about 99 weight 
25 percent of propylene carbonate, (ii) up to about 40 
weight percent photoresist materials, and generally 
from about 0.2 weight percent to about 1 .0 weight per- 
cent of "photoresist materials," i.e., "solids," that is, 
both dispersed solid polymer and dissolved, solubil- 
30 ized polymer, (iii) up to about 5 weight percent, and 
generally from about 0.1 weight percent to about 0.5 
weight percent of propylene glycol, a hydrolysis de- 
composition product of propylene carbonate, and (iv) 
up to about 5 weight percent, and generally from 
35 about 0.1 weight percent to about 2.5 weight percent 
of water. These weight percentages should total 100 
weight percent, but may total less than 100 weight 
percent if other impurities are present 

In order to recycle the cyclic alkylene carbonate, 
40 e.g., propylene carbonate, for reuse as a developing 
agent or stripping agent, it is necessary to recover a 
purified cyclic alklyene carbonate, e.g., propylene 
carbonate. By purified propylene carbonate is gener- 
ally meant a propylene carbonate product that is sub- 
45 stantially free of solids, i.e., less than 0.1 percent wa- 
ter, and preferably less than 0.050 weight percent wa- 
ter, and less than 0.05 weight percent propylene gly- 
col as evidenced by a color value of less than 20 
APHA (reference to platinum-cobalt standard). 
50 FIGURE 4 is a flow chart for for a furt her embodi- 

ment of the invention where both the gaseous efflu- 
ent and a liquid effluent are recovered.. The gaseous 
effluent, containing from about 20 to about 500 parts 
per million of propylene carbonate, is first scrubbed, 
55 as described above. This yields a scrubbed air stream 
containing less than 100 parts per million of propy- 
lene carbonate, and an aqueous, alkaline solution 
containing propylene carbonate. This scrubber liquor 

7 
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stream is mixed with the aqueous propylene carbon- 
ate effluent of propylene carbonate, water, and poly- 
meric solids stream. The system illustrated in FIG- 
URE 4 also includes provision for water treatment and 
biological destruction of the liquid effluent 19 of the 
gas scrubber 11. 

In the recovery process illustrated in FIGURE 4 
the propylene carbonate effluent, both directly from 
the photolithographic process and indirectly from the 
photolithographic process via the gas scrubber, is fed 
to a first separation stage, 111 . In the first separation 
stage the effluent stream is separated into two 
streams, (i) a gaseous stream of water and volatiles 
recovered at the top of the first separation stage 111, 
and (ii) a liquid propylene carbonate stream. 

This first stage separation lowers the concentra- 
tion of water in the cyclic alkylene carbonate solvent 
effluent, e.g., propylene carbonate, to a level that is 
low enough to substantially avoid hydrolysis of the cy- 
clic alkylene carbonate, such as propylene carbonate, 
to the corresponding glycol, such as propylene glycol. 
The first stage separator may be a heat exchanger 
type evaporator 111 . In the first stage evaporator the 
total pressure is maintained above the vapor pressure 
of propylene carbonate at its open cup flash point 
This corresponds to a temperature of 132 degrees 
Centigrade. 

The bottom product of the first separation stage 
is dewatered propylene carbonate, preferably con- 
taining (i) from about 96 weight percent to about 99 
weight percent of propylene carbonate, (ii) from about 
0.2 weight percent to about 0.5 weight percent of ■sol- 
ids," that is, both dispersed solid polymer and dis- 
solved, solubilized polymer, (iii) from about 0.1 weight 
percent to about 0.5 weight percent of propylene gly- 
col, and (iv) from about 0.08 weight percent to about 
0.10 weight percent of water, the concentrations total- 
ling 100 weight percent 

The dewatered propylene carbonate from the 
first stage separation 111 is further separated in a 
second stage separation 141 to separate the propy- 
lene carbonate from high boiling materials and poly- 
meric solids, for example, by evaporation. In the sec- 
ond stage separation, 141, the dewatered propylene 
carbonate is separated into (I) a propylene carbonate 
fraction, and (ii) a polymeric solids fraction. The poly- 
meric solids fractions contains polymeric material in 
propylene carbonate. 

The pressure in the evaporator 41 is maintained 
below about 25 torr, for example at about 5 to about 
1 5 torr. The temperature in the evaporator 41 is main- 
tained above about 120 degrees Centigrade. 

The second stage separation 141 yields an over- 
head product of about 98 to about 99 weight percent 
propylene carbonate and a bottom product of poly- 
meric material in propylene carbonate. 

The overhead product of the second stage sep- 
aration 141, that is the evaporated, dewatered propy- 



lene carbonate, is fed to a fractionation means 171. 
This fractionation means 171 is used to further sep- 
arate the evaporated, dewatered propylene carbon- 
ate into a higher vapor pressure propylene glycol frac- 
5 tion and a lower vapor pressure propylene carbonate 
fraction. 

Optionally, propylene carbonate may also be re- 
covered from the bottom product of the second stage. 
The bottom product is polymeric material in propylene 
w carbonate. The bottom product contains from about 
94 to about 97 propylene carbonate, balance solids. 
According to this alternative method of the invention, 
the bottom product of the evaporator 141 is fraction- 
ated, e.g., in a fractionation column. 

15 The product of the fractionation step, 171, is a 

fractionated product that is substantially free of poly- 
meric materials. By being substantially free of poly- 
meric materials is meant that the propylene carbon- 
ate product has a color value less than 20 APHA(ref- 

20 erence to platinum-cobalt standard). The fractionated 
product is also substantially free of water, containing 
less than 0.050 weight percent water. 

To recover an overhead product, in an associated 
condenser, of propylene glycol, and a bottom product, 

25 in an associated evaporator or pot, of high purity pro- 
pylene carbonate, without degradation of the propy- 
lene carbonate the column pressure must be carefully 
maintained. Preferably the top pressure of the frac- 
tionation means 171 is less than 20 torr, and from 

30 about 5 to about 7 torr, and the bottom pressure is 
less than about is less than 10 torr. 

Critical to a high recovery of high purity propylene 
carbonate, is the minimal in process loss of the pro- 
pylene carbonate. Propylene carbonate is not just lost 

35 with the solids. It is also lost chemically, for example, 
through the formation of by-products and hydrolysis 
products. 

Commonly assigned, copending EP 

(Ref. 2) describes that control of these in- 

40 process loss pathways requires low operating tem- 
peratures, minima] times at higher temperatures, and 
the substantial absence of water. The operating tem- 
perature and the exposure time to heat input surfaces 
are held to a minimum to slow the rate of decomposi- 

45 tion of propylene carbonate. 

tow temperature and low exposure times to heat 
transfer surfaces both necessitate processing under 
substantial vacuum conditions. Substantial vacuum 
conditions reduce and even eliminate the need to 

so heat the cyclic alkylene carbonate streams, for exam- 
ple, propylene carbonate streams, to high tempera- 
tures. An upper temperature that appears to avoid ad- 
verse by-products is 160 degrees Centigrade. A con- 
venient design and operating temperature limit is the 

55 open cup flash point of the cyclic alkylene carbonate. 
For propylene carbonate the open cup flash point is 
1 32 degrees Centigrade. In the case of propylene car- 
bonate, processing below the 132 degree Centigrade 
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open cup flash point makes it possible to minimize 
combustion and explosion concerns. This mitigates 
the need for damage limiting construction, as well as 
flame proof and explosion proof recovery equipment 
Additionally, low temperatures reduce the rate of de- s 
composition. 

Moreover, if water is removed early in the proc- 
ess sequence it is possible to minimize decomposi- 
tion of the propylene carbonate, for example by hy- 
drolysis. These considerations drive the process se- 10 
quence shown in FIGURE 4 and in the individual proc- 
ess steps shown below. 



Claims 15 

1 . A met hod of fabricating an electronic circuit pack- 
age comprising the steps of depositing photore- 
sist onto the circuit package substrate, imaging 
the photoresist, developing the photoresist, cir- 20 
cuitlzing the substrate, and stripping the remain- 
ing photoresist, wherein propylene carbonate is 
the agent for one or both of developing tne resist 
and stripping the resist and wherein gaseous 
propylene carbonate is evolved during fabrication 25 
of the electronic circuit package, said process in- 
cluding the further steps of 

a. removing the propylene carbonate bearing 
fumes from the process: 

b. passing the propylene carbonate bearing 30 
fumes through an aqueous alkaline liquid to 
scrub the propylene carbonate therefrom; 

and 

c. recovering scrubbed air substantially free of 
propylene carbonate. 35 

2. The method of claim 1 wherein the propylene car- 
bonate bearing fumes contain more than 100 
parts per million of propylene carbonate, and the 
scrubbed gas contains less than 100 parts per 40 
million propylene carbonate. 

3. The method of claim 1 wherein the aqueous al- 
kaline liquid is a solution of an alkali metal hydrox- 
ide or a salt of an alkali metal and a weak acid. 45 

4. The method of claim 3 wherein the alkali metal 
hydroxide is sodium hydroxide, and the aqueous 
sodium hydroxide solution contains less than 10 
weight percent sodium hydroxide. 50 

5. The method of claim 3 where the aqueous alka- 
line liquid is a circulating aqueous alkaline liquid, 
comprising: 

a. monitoring an electrolyte property of the 55 
circulating aqueous alkaline solution; and 

b. adjusting the concentration of the circulat- 
ing aqueous alkaline solution by adding alka- 



line electrolyte or water responsive to the 
state of the solution. 

6. The method of claim 5 comprising measuring the 
pH of the solution and adjusting the concentra- 
tion of the circulating aqueous alkaline solution 
by adding alkaline electrolyte or water responsive 
to the pH of the solution. 

7. The method of claim 5 comprising measuring the 
electrical conductivity of the solution and adjust- 
ing the concentration of the circulating aqueous 
alkaline solution by adding alkaline electrolyte or 
water responsive to the conductivity of the solu- 
tion. 

8. A method of recovering propylene carbonate 
from a process in which propylene carbonate re- 
moves an organic polymeric material from a sub- 
strate and thereby gives rise to a gaseous propy- 
lene carbonate effluent stream and an aqueous 
effluent stream, said method comprising the 
steps of: 

a. recovering the gaseous propylene carbon- 
ate effluent from the process; 

b. passing the gaseous propylene carbonate 
through an aqueous alkaline liquid to scrub 
the propylene carbonate therefrom; 

c. recovering (i) scrubbed air substantially 
free of propylene carbonate, and (ii) an alka- 
line liquor containing the residue of the scrub- 
bed gaseous propylene carbonate; 

d feeding the propylene carbonate effluent 
and the alkaline liquor to a separation means 
and separating water and volatiles from the 
propylene carbonate; 

e. recovering the dewatered propylene car- 
bonate and thereafter evaporating the dewa- 
tered propylene carbonate to separate the 
propylene carbonate from high boiling materi- 
als and polymeric solids, and recovering 
therefrom a propylene carbonate fraction; and 

f. further separating the evaporated, dewa- 
tered propylene carbonate into a high vapor 
pressure propylene glycol fraction and a low 
vapor pressure propylene carbonate fraction. 

9. The method of claim 8 comprising removing wa- 
ter to lower the concentration thereof low enough 
to substantially avoid hydrolysis of propylene car- 
bonate to propylene glycol. 

1 0. The method of claim 8 comprising recovering the 
dewatered propylene carbonate and thereafter 
evaporating the dewatered propylene carbonate 
to separate the propylene carbonate from con- 
tained polymeric materials. 
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11. The method of claim 10 comprising recovering an 
overhead product of propylene carbonate and a 
bottom product of polymeric material in a solubil- 
izing amount of propylene carbonate. 

12. The method of claim 8 comprising feeding the 
evaporated, dewatered propylene carbonate to a 
fractionation means, and further separating the 
evaporated, dewatered propylene carbonate into 
a high vapor pressure propylene glycol fraction 
and a low vapor pressure propylene carbonate 
fraction. 

13. The method of claim 12 comprising recovering a 
fractionated product, substantially free of poly- 
meric materials, having a color value less than 20 
APHA (reference to platinum-cobalt standard). 

14. The method of claim 12 comprising recovering a 
fractionated product, substantially free of water, 
containing less than 0.030 weight percent water. 

15. A method of a cyclic alkylene carbonate from a 
process in which the cyclic alkylene carbonate is 
a solvent used to remove an organic polymeric 
material from a substrate and thereby form a gas- 
eous cyclic alkylene carbonate effluent stream 
and an aqueous effluent stream, said method 
comprising the steps of: 

a. recovering the gaseous cyclyc alkylene 
carbonate effluent from the process; 

b. passing the gaseous cyclic alkylene car- 
bonate through an aqueous alkaline liquid to 
scrub the cyclic alkylene carbonate there- 
from; 

c. withdrawing (i) scrubbed air substantially 
free of cyclic alkylene carbonate, and (ii) an al- 
kaline liquor containing the residue of the 
scrubbed gaseous cyclic alkylene carbonate; 

d. feeding the cyclic alkylene carbonate efflu- 
ent and the alkaline liquor to a separation 
means and separating water and volatiles 
from the cyclic alkylene carbonate; 

e. recovering the dewatered cyclic alkylene 
carbonate and thereafter evaporating the de- 
watered cyclic alkylene carbonate to separate 
the cyclic alkylene carbonate from high boiling 
materials and polymeric solids, and recover- 
ing therefrom a cyclic alkylene carbonate frac- 
tion; and 

f. further separating the evaporated, dewa- 
tered cyclic alkylene carbonate into a high va- 
por pressure cyclic alkylene glycol fraction 
and a low vapor pressure cyclic alkylene car- 
bonate fraction. 

1 6. The method of claim 1 5 comprising removing wa- 
ter to lower the concentration thereof low enough 
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to substantially avoid hydrolysis of cyclic alkylene 
carbonate to alkylene glycol. 

17. The method of claim 15 comprising recovering 
the dewatered cyclic alkylene carbonate and 
thereafter evaporating the dewatered cyclic alky- 
lene carbonate to separate the cyclic alkylene 
carbonate from contained polymeric materials. 

1 8. The method of claim 1 7 comprising recovering an 
overhead product of cyclic alkylene carbonate 
and a bottom product of polymeric material in cy- 
clic alkylene carbonate. 

19. The method of claim 15 comprising feeding the 
evaporated, dewatered cyclic alkylene carbonate 
to a fractionation means, and further separating 
the evaporated, dewatered cyclic alkylene car- 
bonate into a higher vapor pressure alkylene gly- 
col fraction and a lower vapor pressure nnp car- 
bonate fraction. 

20. The method of claim 19 comprising recovering a 
fractionated product, substantially free of poly- 
meric materials, having a color value less than 20 
APHA (reference to platinum-cobalt standard). 

21. The method of claim 19 comprising recovering a 
fractionated product, containing less than 0.050 
weight percent water. 

22. The method of claim 15 wherein the cyclic alky- 
lene carbonate is represented by the formula 



fU-CH — CH-R E 
I i 

o o 

\ / 

c 



where one or both of R A and Re are short chain 
alkyt groups chosen from the group consisting of 
CH 3 -(CH2) ft -, where n in R A and R B are indepen- 
dent integers from 0 to 3, and one of R A and Re 
may be -H. 

23. The method of claim 22 wherein the short chain 
alkylene carbonate is propylene carbonate. 

24. A method of fabricating ah electronic circuit pack- 
age comprising the steps of depositing photore- 
sist onto the circuit package substrate, imaging 
the photoresist developing the photoresist, cir- 
cuiting the substrate, and stripping the remain- 
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ing photoresist, wherein aa cyclic alklyene car- 
bonate is the agent for one or both of developing 
the resist and stripping the resist, and wherein 
gaseous cyclic alkylene carbonate is evolved dur- 
ing fabrication cf the electronic circuit package, 5 
said process including the further steps of 

a. removing the cyclic alkylene carbonate 
bearing fumes from the process; 

b. passing the cyclic alkylene carbonate bear- 
ing fumes through an aqueous alkaline liquid 10 
to scrub the cyclic alkylene carbonate there- 
from; and 

c. recovering scrubbed air substantially free of 
cyclic alkylene carbonate. 
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